INTRODUCTION
Currently, the HbA1c determination remains the principal standard method of assessing glycaemic control [1, 2] . The development of continuous glucose monitoring and glucose data availability augments clinical assessment of glycaemic control, particularly as an HbA1c result is unable to reflect time in hypoglycaemia [1] . The benefits of reduced hypoglycaemia and greater treatment satisfaction when flash glucose monitoring is used by individuals with type 2 diabetes managed with prandial insulin is established [3] [4] [5] . However, improvement in HbA1c in this population using flash monitoring is less certain [3, 5] .
The purpose of these retrospective chart reviews was to determine the impact in the realworld of flash glucose monitoring on glycaemic control in patients with type 2 diabetes managed by basal bolus insulin therapy, assessed using HbA1c laboratory data collected from patient records.
METHODS
Three parallel European retrospective non-interventional single-arm chart review studies were conducted in Austria, France and Germany (six diabetes centres in each country). The chart reviews included medical records between January 2015 and November 2018 in Austria, March 2017 and January 2019 in France and July 2015 and December 2018 in Germany.
Each centre searched their databases to create a list of potential medical records to be included in the review. As a result of the volume of eligible medical records available in France, a selection was made by the sites on a systematic basis (every nth medical record was selected where n was determined to select approximately 15 records from the list).
Paper or electronic medical records were eligible if they were for patients who were aged 18 years or older, diagnosed with type 2 diabetes, on a basal bolus insulin regimen for 1 year or more, had used the FreeStyle Libre TM Flash Glucose Monitoring System (Abbott, Diabetes Care, Witney, UK) for 3 months or more at the time of data collection (in Austria and Germany the rationale for switching from selfmanagement of blood glucose (SMBG) to Free-Style Libre device use was not specified; in France an additional inclusion criterion was that device use was driven by patient/physician decision only rather than a self-pay option), had an HbA1c concentration between 8.0% and 12.0% (64-108 mmol/mol) in the 3 months or less before starting to use the device plus an HbA1c measurement taken between 3 and 6 months after commencing use of the device.
Medical records not included in the data collection were for individuals who were pregnant, receiving dialysis treatment or participating in another study that could affect glucose measurements or management during device use.
All HbA1c results were from the medical records at each site. A baseline HbA1c result was defined as being performed 90 days or less before the patient commencing to use the device (index date). If more than one HbA1c test result was available, the most recent HbA1c result to the index date was extracted for use. An HbA1c result 3-6 months after initiation of the device was defined as being performed at least 90 days but less than 194 days following initiation of the device. If more than one HbA1c test was available, the test result closest to 135 days after the index date was used. If the date of starting the device was unclear, e.g. unknown day of the month, a conservative approach was used to ensure the baseline HbA1c value (when glucose monitoring was by SMBG) was before initiation of the device and within 90 days, and the final HbA1c value was within the specified 90-194 days period.
After reviewing their list of medical records for eligibility, sites extracted information that had been entered prior to the index date for age, blood pressure, concomitant disease and diabetes complications, duration of insulin use, height, medications, sex, weight, and device use start date and up to two HbA1c results measured 3-6 months following the start of device use are not entered prior to the index date. The French centres also extracted information for the number of SMBG tests at baseline, and method of insulin administration.
Final eligibility for inclusion in the data analysis was determined by statistical analysis only, utilising the information extracted by the sites.
For all three studies, HbA1c data collected from medical records for the baseline period (prior to the index date) was compared to HbA1c following 3-6 months' use of flash glucose monitoring (within-patient analysis).
In Germany and Austria, the study protocol was submitted to ethics committees for review (Table S1, Supplementary Material); patient consent was not required as anonymised data was collected. In France, the Institut National des Données de Santé (INDS) was notified of the study and a statement of conformity with Methodology Reference 004 (MR004) was sent to the Commission Nationale de l'informatique et des Libertés (CNIL). Patients were provided with written notification of their pseudo-anonymised data being collected as part of the study and were given an opportunity to opt out.
In line with General Data Protection Regulation requirements a record of processing activities was maintained and communications pertaining to medical records included in the study remained anonymous and did not include any personal identification data [6] . Original data are stored at each study centre.
Outcomes
The primary outcome was evaluation of change from baseline HbA1c results, measured 3 months or less before initiation of device use, to an HbA1c measurement taken between 3 and 6 months after device use commenced.
In all three studies the primary endpoint was also analysed for the following subgroups: baseline HbA1c (\ 75 mmol/mol [9.0%] and C 75 mmol/mol [9.0%]), duration of insulin use (\ 9 and C 9 years), age (\ 65 and C 65 years), BMI (\ 30 and C 30), and sex.
In the French study the primary endpoint was also analysed for the following additional subgroups: number of SMBG tests at baseline and method of insulin administration (this information was only recorded in the patient records in this country).
Statistical Analysis
Differences between HbA1c at 3-6 months (90--194 days) after FreeStyle Libre start and baseline were assessed by a paired t test, for each country. To detect a change in HbA1c of 0.35% (3.8 mmol/mol) within each country with a power of 80% (at p \ 0.05), a total of 78 medical records are needed, based on an SD of change in HbA1c of 1.1% [7] . For the primary endpoint, if more than one HbA1c test fulfilled the criteria then the test closest to the index date ? 135 days was used. Meta-analysis of change in HbA1c was performed using a random effects model, using patient-level data, with country as a random effect. Cochran's heterogeneity statistic (Q) and the I 2 statistic were calculated [8] .
Data analysis was performed by qualified statisticians at Abbott Diabetes Care (UK). Version 9.2 of SAS (or higher) was used for all analysis.
RESULTS
All eligible medical records identified by the sites were included in the study (Table 1 ).
In the Austrian study, 118 medical records were collected and the total number included in the primary endpoint analysis was 92.
In the French study, 97 medical records were collected and the total number included in the primary endpoint analysis was 88.
In the German study, 213 medical records were collected and the total number of medical records included in the primary endpoint analysis was 183.
For the three studies combined, 428 medical records were submitted; the total number of medical records included in the meta-analysis was 363. Start of device use was between January 2015 and July 2018 in Austria, May 2017 and July 2018 in France and September 2015 and August 2018 in Germany. Baseline characteristics and demographics by country are listed in Table 2 . Data for medical history are presented in Table 3 .
HbA1c decreased in each country; in the Austrian study by 9.6 mmol/mol ± 8.8 mean ± SD (-0.9% ± 0.8, p \ 0.0001), in the French study by 8.9 mmol/mol ± 12.5 (-0.8% ± 1.1, p \ 0.0001) and in the German study by 10.1 mmol/mol ± 12.2 mean ± SD (-0.9% ± 1.1, p \ 0.0001). See Table 4 and Fig. 1 .
Combined analysis of the three countries for change in HbA1c after device use was significant. HbA1c measurements reduced by
The combined analysis of observed HbA1c improvements showed no heterogeneity between the three countries with an I 2 value of 0 (Cochran's Q = 0.7, p = 0.7113).
Sensitivity Analysis
Mean number of days from start of device use to the final HbA1c value used in the analysis was 136.7 (median 135 days).
Sensitivity analysis on the primary endpoint of change in HbA1c with narrower time windows centred around day 135 demonstrated that the HbA1c result remained the same (Fig. 2 ).
HbA1c change remained significant when baseline measurements were compared to HbA1c levels for the time windows of 3-4, 4-5, 5-6 and 5.5-6.5 months after device use was started ( Fig. 3 ).
Subgroup Analysis
The decrease in HbA1c from baseline was more pronounced in all three countries for levels C 75 mmol/mol ( Fig. 4 ). HbA1c improvement was observed across age (\ 65 years, C 65 years), sex, duration of insulin use (\ 9 years, C 9 years) and BMI (\ 30.0 m 2 , C 30.0 m 2 ) for each country (Fig. 4 ). There was no significant difference in the effect on HbA1c between subgroups (\ 65 vs C 65 years, [p = 0.2767], male/female [p = 0.5990], duration of insulin use [\ 9 vs C 9 years, p = 0.2389] or BMI [\ 30 vs C 30 kg/m 2 , p = 0.0785]). 
French Study: Additional Subgroup Analysis
Change in HbA1c was unaffected by method of insulin administration (p = 0.2093) improving for both insulin injection users (n = 66, 76%), by -7.7 mmol/mol ± 12.4 (mean ± SD, [-0.7% ± 1.1], p \ 0.0001) and for insulin pump users (n = 21) by -11.3 ± 11.2 mmol/mol (-1.0% ± 1.0, p = 0.0001), Table 5 . Where three or fewer SMBG tests per day were reported at baseline, HbA1c improved; and for more than three reported SMBG tests daily at baseline, HbA1c fell without reaching significance (Table 6 ).
DISCUSSION
To our knowledge these are the first reported real-world data of flash glucose monitoring use in type 2 diabetes and basal-bolus insulin therapy (delivered by multiple insulin injections or insulin pump). Three European retrospective chart review clinical studies with almost identical methodology demonstrated significant improvement in HbA1c in this population 3-6 months after commencing use of flash glucose monitoring technology. The robust achievement of the primary endpoint in each country is supported by the sensitivity analysis which demonstrates the stability of the effect on HbA1c value. Meta-analysis of the three studies also demonstrated a reduction in HbA1c measurement associated with device use and without any statistical heterogeneity between the three European countries.
The REPLACE study [3] , a pre-market randomised controlled trial in a similar population, reported HbA1c improvement in participants younger than 65 years and no change in those older than 65 years. The reason for the contrast Fig. 3 Change in HbA1c for each month of the 3-6 months after start of device use (mean and 95% confidence interval) Fig. 4 Change in HbA1c by baseline HbA1c, age group, sex, duration of insulin therapy and BMI (mean and 95% confidence interval). HbA1c \ 75 and C 75 mmol/mol, BMI\30 and C 30 kg/m 2 in HbA1c outcome in the two studies in unclear. Speculatively, it may in part be due to the less restrictive real-world setting of the current studies, increased healthcare provider familiarity with the technology since 2014 when it became available, improved patient education, patient contact with the diabetes care team and wider experience of reviewing ambulatory glucose profile (AGP) reports for diabetes specialists and patients.
Mean HbA1c reduction of 10.9 mmol/mol (0.9%) in a comparable insulin therapy cohort using real-time continuous glucose monitoring (CGM) was reported by Beck et al. [9] and this finding is supported by the current studies. However, in contrast to Beck et al., the demonstrated HbA1c improvement was achieved without the use of alarms. Glycaemic benefit from real-time CGM use without alarms has been reported previously in type 2 diabetes [10] .
Duration of diabetes was not recorded in the current studies; however, the mean age, duration of insulin use, and incidence of micro-and macrovascular complications in the medical records' data suggest that for many the diagnosis of type 2 diabetes was not recent. For an individual with a similar age and medical history a less stringent personal HbA1c goal of 64-69 mmol/mol (8-8.5%) would likely be agreed at review [1, 11] . For each of the studies, mean HbA1c level at study end was at the lower end of this range following use of flash glucose monitoring.
This meaningful improvement in HbA1c is a notable achievement in a clinical environment rather than a formal clinical trial setting. The expected trajectory of glycaemic control following the introduction of insulin therapy in type 2 diabetes management is a decrease in HbA1c followed by maintenance and an inexorable, slow increase as disease duration progresses [12] . A parallel rise in hypoglycaemic risk and the need for individualised targets offer further challenges to improving glycaemic control. In the current studies, significant HbA1c improvement was observed irrespective of age, an observation which supports the recent finding of Yaron et al. [5] and contrasts with Haak et al. [3] who reported an HbA1c reduction in younger participants only. Furthermore, in the current studies, HbA1c was reduced after the prespecified minimum of 3 months' device use, or each month thereafter ( Fig. 3) . Glycaemic benefit has been reported within weeks of sensor data utilisation in a similar population [3] and in an unspecified diabetes population in a recent large real-world study of this technology [13] .
The current studies used retrospective, anonymised data extracted from medical records without the need for patient consent. This ethical method of data collection [14] was appropriate as there was virtually no influence on inclusion eligibility by the sites, no effect from patient behaviour, and clinical care was not disrupted by any discussion or administration of the trial allowing the usual standard of diabetes care to be maintained [15] . The entry of changing to a flash sensor monitoring method in the medical record suggests that this decision was likely a result of clinical review and discussion between patient and physician. In Austria, France and Germany reimbursement for flash glucose monitoring technology was possible from 2014 to 2015 and the analysis used data from 2015 onwards.
The demographic and baseline characteristics data extracted from the medical records were broadly similar across the three studies; mean baseline HbA1c value, percentage of data for male patients, age, use of basal bolus insulin therapy, and BMI measurements are comparable to other studies in the same population [3, 9] and to a large, national European database for type 2 diabetes [16] .
In line with international guidance [2] , the most commonly prescribed oral medication in all three countries was metformin (54-63%, Table 2 ). Use of oral medications was comparable for the three countries except DPP4 inhibitors and SGLT inhibitors which were notably less used in France (Table 2) .
Data for medical history (Table 3) was comparable to other studies in type 2 diabetes for cardiovascular disease [17] , previous myocardial infarction [9] , renal complications [18] , depression [19] , neuropathy and peripheral vascular disease [20] . Duration of insulin therapy use and recorded medical history are typical of established type 2 diabetes. In combination, the data extracted are representative of the type 2 diabetes population and the results should be generalizable across clinical care for adults with type 2 diabetes managed with insulin therapy.
It might be assumed that individuals who choose not to test SMBG regularly or frequently will also be non-concordant with scanning or that a minimum daily scanning frequency is needed to gain glycaemic benefit from this technology. In the French centres HbA1c values improved irrespective of a lower SMBG testing frequency reported prior to using the device (Table 6 ). However, this observation is based on a small quantity of data. A recent small study which reported no association between HbA1c level and SMBG frequency in type 2 suggested that lack of glucose pattern information and education on how to use it is a contributor to suboptimal HbA1c levels in this population when SMBG testing is used to manage their diabetes [21] . A large European real-world study reported a relationship between scanning frequency and glycaemic control. Scanning frequency of about four per day was associated with an HbA1c of 64 mmol/mol (8%) [13] .
There are three main strengths in these studies: (1) this is the first reported real-world data for flash glucose technology in type 2 diabetes, (2) the broadly similar methodology across the three studies allowed confident metaanalysis of the results and (3) device use was standard of care for management of glycaemia in each country and not mandated by the protocol. There are some limitations including minimal characteristic and demographic data and other variables such as socio-economic status, education level, ethnicity, duration of diabetes, previous CGM use and the reason for use of the study device. However, usual exclusion criteria such as renal disease [10] , planned dialysis [3] or recent myocardial infarction were also not applied, adding to the generalisability of the primary endpoint.
Using the same HbA1c measurement for inclusion and baseline makes this analysis susceptible to regression to the mean. However, in the Yaron et al. study [5] , change in HbA1c in the control arm was -0.33% which gives some indication of the overall magnitude of the combination of regression to the mean and study effect.
Changes made to the regimen during the study were largely unknown although likely as HbA1c was improved [22] . The purpose of device use is to provide information to the user and healthcare provider, support identification of any glycaemic issues and guide changes as necessary; it is not a treatment in itself. As noted by Beck et al. [9] , longer-term maintenance of glycaemic benefit from technology use in this population is unknown. Additional, longer-term studies in this population are now required.
CONCLUSIONS
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